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1 Method for the embedding and encapsulation of com pontftts, 

3 

4 Description of the invention 

$ 

6 The present invention relates to a continuous method that allows components, for example pfaanaaccutkaily or 

7 biologically or nutritionally active com p o ne nts, or drugs or other active contposwnis to be embedded or to be 
B encapsulated in a coaceniruton of ibout less than IS to about 85% into a matrix, dint comprises a substantial 
9 amount of carbohydrates. 

10 

I I The Method comprises; 
12 

1 3 Admixing of at leasf one starch containing solid such as native starch from com* wheat, rice, potato* tapinka, or 

1 4 high amy lose scsrcb.or flours from grains such as corn, wheat, rice, barley, oh. rye and sufficient amount of 

1 5 water and optional additional wigredicflts* such as oil fat, emulsiflers* dextrins. M- Vin^lpymhtoVn>2-oDe (NVP) 

16 to substantially jelarinize the starch without su hsraniiw Hy desxrucrurizing and dcA U inirin g k, Le. cooking the 

! ~ starch at a low shear. An overall Quantitative measure of die shear inside an extruder is the specific mechanical 

1 8 energy input that is according- to this invention below about 150 Wo/kg. more preferably below about 100 

1 9 Wh/tcg and most preferably below about 50 Wh/kg. The amount of water necessary to obtain a low specific 

20 mechanical energy may be from about 3 3% to about 50%, preferably from about 35% to 45% , most preferably 

21 about 40% based on Starch by weight. 
22 

23 heating the mix above the ge latin izarion temperature of the starch while conveying and mixing It inside an 

24 extruder, 
23 

26 mahunirting at least 100 degree Celsius . preferably between 120 and 150, for example 125 to 140 degree 

27 Celsius product temperature tor sufficient rime m substantially or preferably completely gelatinize the starch for 

28 at tout about 4 t/d of under length. 
29 

30 maintaining; a pressure in the cooking section between about 3 - 1 00 bars, preferably between about 15 and 35 

31 bars* 
32 

33 decreasing die product temperature to substantially lower than 100 degree Celsius, for example between aboux 

34 t$ and 95 degree Celsius by means of etcher an open extruder barrel section, a vacuum doro«Vem pen and/or 

35 by decreasing die barrel temperature or a combination of the above* 

36 

37 removal of water dirougfc either venring or by usm$ one or more open extruder barrel sections that are 

38 connected to a vacuus means as indicated in Figure 2* 

39 

40 conveying use gelatinized mass with reduced moisture and lower temperature towards a suhseqtuuit exxruder 

41 barrel section, while maintaining sufficient temperature 10 admix the encapsulant without its metmal or 

42 mechanical destruction, 
43 

44 adding one or more actfve comoonemi that arc either ph*rm*ceuricaUy, nutritionally or biologically active 

45 tnto a subsequent barrel section of the exnudcr r the added components may be also heal and/or shear sensitive 

46 and may be added , admixed and embedded into the carbohydrate based matrix without their thermal cr 

47 mechanical destructioTL 
44 

49 using , for the purpose of adding the components, a reeding aupaiatu s co minu i il y known as tide feeder for 

50 solids; or liquid injection nozzles for liquid} or a co^bmatnn of both. If an injection 002Zte is used*, the 

51 pressure to inject the liquid encapsutert needs to be sufficiently high to inject &c liquid into die extruder barrel. 

52 for example* h^thenrrisiireo/d^pl^iziscdrnass iifiidc ute extruder is 10 bars, the mjecM pressaro needs to 

53 be about 2 to 5 ban higher J.A, 12 to 15 bars* fa die case that the encapsuiaxJt has a irpc^fe nahire, it may 

54 also be pretrcated. such as coated, using for example **wy jnbs&aces such as high melting fats or wwes with 

55 Tor example an emnbrfter, such as glYcerinmoaostearate or the like m order to improve the homogeneity or to 

56 prevent separation between the lipophilic encapsulant and the hydrophobic matrix. 
57 
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1 admixing the added ingredients using appropriate extrusion screw configuration a* is described in Fig 2, & and 

2 H. such as alternating small pitch conveying demean with distributive mixing dements, that are staggered and 

3 provide axwlly orientazed leakage flow inside die COTttdcr barrel, hence they cause the material flow to be 

4 continuously be disturbed without the mass to be sheared qp4 thus cause the material to be mixed at low 

5 mechanical energy input. The cot&l leogih of this dtariburive mixing section is about 3 to 1 0 i/d , preferably 

6 aboard to 6 I'd co sufficiently admix And distribute and embed or encapsulate the added components buo the 

7 matrix, 
8 

9 conveying die complete mix rewards the extruder dk using low pitch extruder screw ccmrveyuif elements for the 

1 0 purpose to increase the degree of fill inside the extruder and thus co control the temperature profile of the mix 

1 1 inside the extruder barret Tor the purpose of optimum viscosity adjustment and extrusion through me subsequent 

12 die openings. 
13 

1 4 extruding the mix through extrusion dies that have a diameter from about 0.5 mm to about 5 mm, preferably 

1 5 from about 1 to about 2 mm - the extruded rope having a crossectiomu' diameter mam about ,5 mm to about 5 

16 mm, preferably from about I mm to about 2 mm. 

17 

1 8 cutting the extruded rope at the die fee? using a rotating cutter, pelletiaer or rotating knives, or cutting the rope 

1 9 away from the die using npprophsre cutting means into pellets that have a I d ratio of about 0-5 and 10, 

20 preferably abour I . 
2! 

22 means to vary the parride size by a) using variable speed cutter either at the end of the extruder or away from 

23 the extruder after the ropes have been conveyed tor a short distance, for example between about 2 and 5 meters 

24 to allow further surface cooling, further surface drying and legs stickiness to enable a better cutting of the ropes 

25 into pellets; and b) by bavins appropriate die diameter 
26 

27 varying the particle size to control the 5urmce to volume ratio of the pellets to aJtow a controlled release of the 

23 encspsulant when the product ic ts being used as an agricultural agent with conrrolled release properties, 
29 

30 in case the product is being consumed by humans or animals, varying the panicle size according to this 

3 1 invention 15 critical to afcontrol the surface to volume ratio of the pellets to alfow a comraited rclmse of the 

32 eneapsulaAC during Ha pass through the mouth, the stomach and the intestine and b) Co control the residence time 

33 of the pellets inside the stomach whereby parrides smaller than I mm pass through faster than panicles larger 

34 than for example 2.5 mm. 
35 

36 drying the pellets to sufficiently low moisture from less than about 1 2% to preferably less than about 1 0%, for 

37 example 6 to 9% by weight, most preferably to less than about 5 % to ensure surBmenr storage stability of the 

35 pellets for example at least about 9 month * preferably at least about 18 mouth and most preferably at least about 
39 36 month. 

40 

4 1 optionally applying fihtrbuildmg substances onto pellets to further encapsulate and protect the exroded pellets. 

42 Fllmbuilding substances are etcher based on native of modified starch, based on fk. based on protein, for 

43 example »in. based on shellac, based on chitnsan. based on chittn or based on a combination of the above. 

44 Filmbuilding substances may contain additional comp on e nts that protect the pellet from die influence of tight , 

45 such as umniuradioxide, cocoa based products or the Ifloe. or thai protect the pellet from the influence of oxygen 

46 or air. Film bun Wing substances may be sopited using spray nozzles that are located close to the die or after the 

47 drying means, when the moisture of the mass is at a level of sufficient storage stability as described above. Film 

48 building substances may be applied using commonly known fluid bed applications, or conventional coating 

49 methods as they are known in the industry. 
50 

5 1 removing volatile from surface, in case the rUmouiiding substance application left vofetUes onto pellet surface* 

52 using subsequent drying means. 
53 

54 The products mat are made according to this invention might also be compressed in coounotuV used tablet 

55 presses to obtain compressed versions of me extruded peBets. 
56 

57 
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2 The final products have , According to die mvemion. following characteristics: 

3 

4 The stank component of the matrix is substantially or completely £e (stated and not sttbstanttanv 

5 desmtemmcdordmbkittd. 

S The ip«5ific density of u>© pefleti is between abour 800 and 1300 filter 

7 The particle size is uniform bur can be controlled in t vide range. Practical ranges are between about 0.5 and 3 

S mm. 

9 Products according to this invention are edible and intended for bumens or airitaals. 

1 0 In another embodiment, products according to this invention may contain encapsulated ond'or embedded active 

t [ components that either inhibit , promote . control or Ddserwig* influence the growth of plants and/or thsir 

1 2 resistance against animals, diseases or wearher and to control its ability to grow high yield , Example of such 

1 3 Substances are herbicides, insecticides and nutrients. 

1 4 Products are substantially not expanded and have a transparent or translucent appearance. They are not foamy 

15 and not puffed. 
16 

1 7 According to the invention, the products contain a substantial amount of starches, optionally added fat to the 

1 8 maoix composition is less chac 10%. preferably less than J% for example from abort QV» to about 3%. Fat sets 

19 as a plastizistng agent and lowers the a lass transition temperature of the final matrix which is subsequently 

20 lowering the storage stabilttv of the product and thus unwanted. 
21 

22 according ro the invention, the mairix may in addition contain sugars and starch hydrolysatc products, ix. 

23 dextrins of venous molecular size . in order to modify the glass transition temperature of the final extrudate and 

24 thus to control (to release of the encansulams or embedded substances, 

25 

26" according to the invention, [he matrix may in addition coDUris N-vinyipyrrolW-2-oac (NVP) to modify the glass 

27 transition temperature of the final extrudaxe and 10 control the release of the encapsbiants or embedded 

25 substances in gastric juice. 
29 

30 

3 1 The key control paramew for die release of the encapsulam are the particle size of the pellet the solubility of 

32 the gelatinized starch, the solubility of the added caro>Hydrate$, the hydophotorirv of the matrix and the 
3 3 character of an optional coating. 

34 

35 The particcl size of pellets is controlled bv extrusion forming and cutting process . 

36 

3 * The solubility of gelatinized starch Is conoroJEerf by cooking process. It is desired to obtain row mechanical 

33 energy input co minimize bom destmiaiirizatiori <Uid dexttTtrization of the starch. Starchy that bss been 

39 dextrinized during extrusion might exhibit a negative effect on the stability of the pellets* whom the amount 

40 and type of added dexntns may be used to control the glass transition temu ei aiuie and release properties in 

4 1 aqueous or acid environment. 

42 The hydro^bobwrty and the solubility t& gastric juice environment of the staved based matrix may be adjusted 

43 by adding other hydrophobic and polymeric substances* com bin e d with an cmuWfier- Those substance may be 

44 advantageously added with an additional side feeder after the starch bv been cook*d. 

45 Optional additional coatings can be used to enhance me effect of the ernbedding and to obtain a complete 

46 eneapolatHHh if nessecary. 

4? Products according to the invention may also contain protein in their matrix , that exhibit glassy p r op ertie s after 

4$ extrusion cooking, such as zeiiu wheat gluten, soy protein, or other proteins form various other plant sources. 
49 

50 

51 Examples of encapsulated substances may be from the group of pharaaceuticalty active components such as 

52 one or more of the following: 

53 acetaminophen, acetohexarotdc. acetyl disoxio. aceyisaiicyiic acid. acromycn% anxpainil. benzocaine, benv 

54 carotene. chloimpaefUfiol, chlordtazepoxrde. chlormadmose acetate, chtcromiazidr. tionarizhie. cl auuqwn u 
3$ codeine, dexameihasone, diazepam. dfcoumaroL digiroxin. digoxar. chlrydroefa^Gtmtoe, dromvedne. 

56 [hinitrazepam. fiiruse tnftie, gramicidin, griseofulviru hexobaroitai hydrofluOTlP^hiazidc, indr^nelhacnv 

57 ketopruten, lonetiL medazepam. meftusidev niffmandro^tenolon e, memy%ednfcsoto«e, rnethy femJ fadiaxme, 
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\ nalidixic acid, nifedipine, nitrazepam, nhrofufawom, nystatin, estradiol, papaverine; phenaceim, pheriO-barbrtaJ, 

2 ph^nylburaionc. phraytoin, prednisone, reserpme* spironolactone, streptomycin. suffamelhazBK, 

3 sulfameihizole* sulfamethoxayote, sulfamethoxyelkdne; sulfaperm. sulfamiazsler ttUrtfOxazoJc, testosterone. 

4 tolazamide, tolbutamide, trimethoprim, thvrocbricia, 
5 

6 Other components that mis^t be suitable w be encapsulated and/or embedded are for example: 

7 betamethasone, thiotic sotalol, salburarnol. n orfaneftiBc, silymar&t difaxifOorgoamine, buflorneoll* 

3 etofrbratB. mdometacim oxazepam, bets acesyi digoxln, pinntieara* haktparidol, ISMN» amiu ipt y tin. diclofenac, 

9 nifedfpirte. verapamil pyrrrtnol, nftrendipm. doweyctine. bromfoexme, methylpftinfeotonc, ckmidine, 

10 fenofibrare, allopurmoL ptreny spine, levothyroxin. tamoxifen, merildi£0xin. cHbeta^'droKycuiyl)-ntfi>side T 

1 1 propicillin, neiclorir aiononioaw, paracetamol, naftidrofUryL panoxIfyUmc, propafenone, ecebotolaL, L- 

12 thyroxin, tramadol, bromocriptine. loperamide, ketorifen, fenoteroL carfobeJisate* propanolol ecalapnUiydrogpn 
1 5 mateate, beza&bratc, ISDN, gsltapanuf . xantinol nicounart, dEgitoxln. ttuirixrazepam. bency-danc* 

1 4 dcxapantheno I, p iadotoU tonzepam. cfiUiaxrrn T pnacciatn. pberwxymemylpefttellliiL fiirrjsemlde r bromaxepam, 

1 5 flunariziii, erythromycin, metoclopramide. acermriacin. ranhldln, brperiden T meraraizole. doxepm. dlpouushim 

1 6 cJtlaroazepate. tcrrazepam. esrramusrine pao*phau terbutalme, c&ptopril, maprodlirre. prazosin, ateoobL 

1 7 giibenciamide. cefaclor, ttilfrine. ciineridinc. oHcophyUine- Kydromorphone. ibuproflnu primidone, ebbazam. 
1 S oxaccproi* medroxyprogesterone, ilecataid. pyridoxal 5 ohosphat ghitamina<c. byTnechromoae. eto4>'flinc 

19 , clofibratc. \ ineamine. eranarizmii. diazepam , fcelOprofen. ftopeotisol. molsirnine. airbomuridc, duTtctindcn. 

20 oielperone, soquinolol, dihydrocodeine, ciomcthiazok, clemastine. gJisoxepide* kaiKdmogenase, oxyfedrine, 

2 1 baclofen. carboxyrnethylc> scenic, thioridazine* beiabtstine* L-trypeopharu munol, bronteteirte, prenyl&mine, 

22 saiazosul fapyrfdine, astemizoL sulpiride, benxerezsde. dfcenzepine, acety IjalicyUc acid, miconazole nystatin. 

23 fcetoconazolev sodium Otcosalfme. cottyramine, gemfibrocii, rifiunpicrru flao con o lon e^ mexiletin, amoxicillin. 

24 terfenadrin. ni ucopolygaccbaride porrsu trade, triazolam, mianserin, naprofenic acid, amezinfum Tnecilsulfete, 

25 mefloquine, probucol, quimduie. carbamazepioft. L-aapartatt. peabinoloL phrtantdtw aescjn amitripiYliac. 
2*5 c y proter on e. Sodium valprotnate. mebever ine. bisaeodyL 5-atnmoaUUytfc acid, dihydraiazme. majaldrwe, 

27 phenprocoumon. amantadine, naproxen, eatteoloL i^ottdine, metfiytdopa, anmofine, esniol, aadoloi, 

28 (evomevromazine. doxonibkin. medoFenoxate, azatbtoprine, fluramide, norfloxacin, fendillnB, prajmalinm 

29 bitanrate. 
30 

3 1 Other examples include substances from the group of die so called nmracewacai component*, sucb as 

32 aritioxK&ms. pb>-tocheoiicai&, hormoru. vitamins, minerals, mkroorgamisms. prebtotics. prubMcs» trace 

33 elements, essential andror hj^hK* unsaturaied tbity acids* 
34 

35 Other examples may include products that constitute already an encapsulated product and need to be double 

36 encapsulated into an additional matrix according to the method and into shapes according to this nrveorJon 

37 
3S 

39 Patent Referees 
40 

41 Patent # EP 0 44S 364 A I 

42 Claimed is an antiobestty food and method to tnaJce il by extrusion of starches wtdi Fazty Acids into an expanded 
45 product. The densities are between A and J &<cnr"3. 

44 Parent^ EP0462 012 A2 

45 Claimed is an arrtiobasiiy food and method tn make rt by extrusion of sardies with Fany Acids inio an expanded 

46 product. Densities are between . I and J ^cm^j. 

47 Parent a US 3 962 416 

48 Describes expanded product to contain at least one nnoriem and one gelatinized starch 
49 

50 The product according to the current invention is^oi a food product, \m^sn edible composition with the purpose 

5 1 xo deliver encapsulated pharmaceuticairy or nuorrtionalty ective co«npoo«rrcs* to another embodiment, me product 

52 U not a food and not «n edible product, but applicable for agricultural means. The method of the current 

53 invention also differs suhsmnttallv in that die pressure and teimaemmre drop at the extruder die yidd a product 

54 urirh different characteristics. The specific density of the products of the current invention t* betiveen about 0.8 to 
S3 l^yem^3 

56 Products of the current inventions are not purled, or expanded. They are rather in a grarmlar ft»rm as to mcrease 

57 patetabHit\' and delf«er>' to humans or animals in a substantially compact form, that il easy to swallow without 
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\ chewing. The substantially spherical shapes of the products of high density exhibit a uibstamfaHv few ratio 

2 between surface area and volume and thus minimize or prevent surface related destructive reactions that occur 

3 upon the influence of oxygen. light and air . buz also minimize the surface that would be available to expose the 

4 embedded material mat is not encapsulated. Products of the current invention should . in case they are intended to 

5 be ediWe. not be substantially chewed . so that the pellets reach the digestive tract without substantial enzymatic 
o* hydrolysis in the mouth and furthermore to con t ro l their solution behaviour in gastric juice and fimfjermore to 
7 control the release of the embedded or encapsulated components either in the stomach and/or to the intestine 

8 
9 

10 Fefenttf Wt?9^^g 

1 1 The patent WO describes a continuous process to obtain an encapsulated biologically active product in a starchy 

12 matrix. It is specifically described, that biologically active agents and starch are being mixed before extrusion and 

1 3 being extruded as one blend Le. the encapsulant Is being heated together with the starch. Alternatively . the core 

14 material to be encapsulated can be added and Weeded with the aqueous dispersion of March after the starch and 

15 water have been subjected to an efevated temperature sufficient to getetfnize the starch. Additionally it is being 

1 6 specifically described that the extrusion process exposes the mix do high shear mechanical action at a temperature 

17 above the gelatin tzarion temperature of the starch. The extrusion barret temperatures described were between 58 
IS and 98 degree Celsius. These temperatures are above the getatinization temperatures of the starch, however, the 
($ extruder used, has barrel section, that are only 2 i'd long and at the extrusion conditions describe. Le. rpm of 
20 between 400 rpm and 200 rpm a How barely the hear up of the starch water mix and are too low to obtain 
2 ) sufficient or substantial getarinizarion of native starches > but in particular too tow for high amylase starch which 

22 gelatinizes at temperatures substantially above 100 degree t for example at 125 degree C The patent WO 

23 discloses extrusion barrel temperatures that are not sufficiently high enough to substantially « completely 

24 gelatinize die search as it is necessary for the purpose of this invention. Incomplete or not substantially cooked 
15 starch will not form a sufficiently continuous plasdased and homogeneous matrix » that £s necessary for effective 

26 embedding or encapsulation. The teoiperacures and exousioa conditions however indicate , thai because of 

27 relative low temperatures, that the viscosity of the mass instde the extruder causes the mechanical energy to be 

28 expressively high, as it is described; substantially higher than in those which are disclosed in the currem 

29 invention. High shear is directly related to high specific mechanical energy t and this In mm increases the 

30 cesrrutturization and dextriniaacton of sarch , which in wrn increases the solubility of extruded starch m aqueous 

3 1 systems. This fact is accepted in the art and numerously described in the scientific literature (Meuser etaL). This 

32 ultimately decreases the stability of the product against moisture and subsequently dimmish** the effect of a 

33 controlled release of die embedded substances. In addition, die encapsuiant is undergoing the same high shear 

34 and high temperature, and might be affected and at (east partially destroyed or it undergoes a composition into 
j 5 unknown solid or volatile substances, 

Z6 

37 The current invention however has the objective to cany out the encapsulation process specifically at tow shear 

38 cooking conditions and by adding the encapsuiant to die matrix fifer feofrcjag fte fMtfMfC arrf ifterfffQ^tfggJlS 

39 temperature fin the above potent it is in all examples described that the encapsuiant is exposed to high shear, and 

40 high temperatures). This minimize on one hand, the amount of specific mechanical energy input Into die starch 

41 based matrix. More importantly it protects the encapsutant against high temperature and /or hjgb shear, that 

42 might otherwise lead to uncontrolled decomposition and might cause the generation and /or evaporation of 

43 unknown or harmful substances. 
44 

45 The cooling of toe mass after cooking not described but it is in the current invention disclosed to be also 

46 necessary to obtain sufficient density of pellets, that are not exprnding. 

47 The method of the current invention uses substantially higher tenrperamres in extrusion and higher moisture 

48 contents to substantially cook the starch and shnnJtafceoosly to minimize die specific mechanical ener$r input to 

49 prevent substantial destructurization and dexrrinization and to maximize die stability of the encapsulation matrix. 

50 A key difference between the cited Patent WO and the current invention is that die method of the current 

5 1 invention adds the encapstilam after starch hearing and cooking, and not before starch heating and cooking. This 

52 allows die addition of heat and or shear sensitive components without affecting their thermal or mechanical 

53 destruction . 
54 

55 
56 
57 
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Z Patent US 3 7M 133 

j Describes a method to product encapsulated nutrients using extrusion temperatures of between 2S0 and 400 F 

4 and pressures of between 200 to 2500 psi and containing : High protein encapsulating agent containing up to 40 

5 % starch, gelatinizing starch and extruding h into an expanded product. 

5 

S Main differences are: Process methodology, leads to different extrusion te mperatu res and 

9 SMEfspecjneckeoergy). the current invention uses addition of critical cftmpoqe ms after heat treaonent and nor 

ID before 

1 1 

12 

13 Claims: 

14 

li What is claimed is: 
16 

17 I . A method to encapsulate and'or embed components into a carbohydrate based matrix that comprises following 

1 8 steps: 
1$ 

20 • admixing of a starch containing solid and sufficient amount of water to substantially gelatinize the 

2 1 starch without substantially deitrucrurizing and dcxtrtnizmg it 

22 • heating die mix above the geJaiinizatioo temperature of the starch while conveying and mixing it 

23 inside an extruder 

24 • maintaining at least 1 00 dee. C product temperature for sufficient time to substantially gelatinize 

25 ihe starch 

26 • removal of #ome moisture of the cooked through either an open extruder barrel section, or a 

27 vacuum dome/ vent port or a combination of the above. 

28 * reducing ins temperature of the plastixised mass through moisture removal and/or additional barrel 

29 cooling 

30 • conveying the gelatinized mass with reduced moisture and lower temperature towards a subsequent 

3 1 extruder barrel section, while maintaining sufficient temperature do admix die encapsnlanx without 

32 its mechanical or thermal destruction, 

35 • adding one or more hcacsbear sensitive ingredients (pharraaccuricaL nutritionally actives, etc) into 
34 one or more subsequent sections of the extruder, using either a solid feeder, also known as a side 
3? feeder, or, for liquid ingredients, using an injection nuzzle and pumping the liquid as sufficient 

36 pressure into the plastizised mass. 

3T • admixing the added ingredients using an appropriate tow shear screw coinlgoraootu such as 

38 alternating small pitch conveying elements with distributive mixing elements for a total length of 

39 about 3-1 0 Id to sufficiently admix and distribute and embed the added ingredients into the matrix. 

40 • conveying the complete mix towards the extruder die tvhfle adjusting the product temperature for 

41 suficdenr forming 

42 * extruding through extrusion dies that have a diameter of between .5 and 3 nun into copes with 

43 cros sectional diameter of between ^ and 3 mm 

44 

45 2. A process according to claim 1 whereby the extruded ropes are being cut at the die using a rotating culler. 

46 pellerizer or routing knives 

4? 

48 3. A process according to any of die previous claims whereby rhc extruded rope* are being cut away from die 

40 using appropriate cuctins means into pellets char have a l r d ratio of between .5 and 1 0, 

50 

5 1 4. A p ro c e ss according to one or mare of the previous claims whereby the extruded and etrtted pellets are dried 

52 to sufficiently low moisture to ensure storage stability of the mix. 

53 

54 5. A process according to one or more 0/ the previous claims whereby the extruded- ctuad and at least partially 

55 dried pellets are being surface treated with fitmbuildmg substances to further encapsulate the extruded 

56 pellets, 

57 
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1 6. A process according to one or more of the previous claims whereby the fflmbuildmg substances arc cidicr 

2 search based, fat based using high melting fkcs> zetn based. shellac based or chitosan based or a eombmation 

3 of the above and the filmbuilding substances may contain components thai delay or prevent the access of 

4 light and ' or oxygen to the matrix. 

5 

6 7. A process according to one or more of the previous claims whereby the fllmbuildfDg substances can be 

7 applied using spray nozzles that are either located close to the extruder die or preferably after the drying 
3 means, when the moisture of the mass is at a level to ensure substantial storage sxabHIrv, mat is preferablv 
9 less than US) 

10 

11 8. A process according to one or more of the previous claims whereby the ftlmbuildm° substances can be 

1 2 applied using fluid bed applications, or conventional coatme application 
'3 

14 9. A method to encapsulate anoVor embed components into a carbohydrate based matrix chat comprises 

15 following step*: 
16 

1? • a) admixing of solids that contain substantial amount or' . pregeiarinized starch and sufficient 

18 amount of water to substantially mix the blend without substantially degrading and dextrinizwg the 

19 starch 

20 • g) adding one or mors heatf shear sensitive ingredients (pharmaceutical, uutritionairy active, etc,) 

21 into the blend at sufficiently low temperature as to not destroying the encapsulsm. using either a 

22 solid feeder, also known as a side feeder* or, for liquid ingredients . using an injection nozzle and 

23 pumping the liquid at sufftcfeax pressure into the plasrisized mass. 

24 - h) admixing die added ingredients using appropriate sow configuration, such as alternating small 

25 pitch conveying elements with distributive mixing elements for a total length of about 3-6" l/d to 

26 sufficiently admix and distribute and embed the added ingredients mto the matrix. 

27 * 1) conveying the complete mix towards the extruder die 

28 • k) extruding through extrusion dies that have a diameter of between .5 and 3 mm into ropes with 

29 crossectionai diameter of between .5 and 3 mm 

50 
31 
32 

33 

34 10. A process according to claim 9 whereby the exouded ropes are be ins cut at the die using a rotating cutter, 
3$ pelletizer or rotating knives 

36 

35 11. A process according to claim 9 and 10 whereby the extruded ropes are being cut at the die using a rotating 
39 cutter. peUetizer or rotating knives 

40 

41 12, A process according to claim 9-1 1 whereby the extruded ropes are being cue away jhwn die using 

42 appropriate cutting means into pellets that have a Vd ratio of between _5 and 10. 

43 

44 13. A process according claim 9*12 whereby the extruded and cuord pellets are dried to sufficiently low 

45 moisture to ensure storage stability and stability of the glassy matrix. 



46 

47 14. A process according to any of the previous claims whereby the forming step is performed using a single 

48 screw extruder. 
40 

50 15. A process according to claim 9 -13 whereby *e extruded* curted and at least partially dried peiieis are being 

5 1 surface treated with fttaibuildmg substances co farther encapsulate the extruded pellets* 

52 

.53 16. A matrix composition mat is treated according to one or more of the previous claims and that comprises at 

54 least one starch from plant sources, i.e. tram potato, tapioca; wheat, corn, rice or other starch delivering 

55 ptanrs, 
S6 
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1 A matrix composition dint is treated according 10 one or more of the previous claims and that comprises N- 

2 vinylpyrroUd-2-one 
3 

4 13, A matrix composition that is treated according to ooe or more of the previous dai'tre and due comprises 

5 h\dropbobtc substances such as oil and his *vtth (netting points up to above 60 degree C 

6 19. A macrix composition thai j$ treated according to one or more of the previous claims and thai comprises 

7 dexrrms 
8 

9 20. A matrix composition thai is treated according co one or more of the previous claims and that comprises 

\ 0 pregeuttmized starches 
II 

12 21. A rmarrix composition that is created according to one or more of the previous claims and that comprises 

1 3 flours from wheat, corn, rice, barlev. oaL rve, potato, tapioka, pea 
U 

1 5 22. A rnatri.x composition char is created according to one or more of the previous claims and that comprises light 

1 6 protection agents such as for example cocoa based or ritaniumdjoxlde 
17 

IS 23. A matrix composition that is treated according to one or more of the previous claims and that comprises at 

\ 9 least one starch with a amvlose content of above 25 %. 

20 

'21 24. A matrix composition that is nested according to one or more of the previous claims aad that comprises 

22 soluble fiber 

23 

24 25. A matrix composition that is (reared according to one or mote of the previous claims and thac comprises 

25 pectins 
26 

27 26. A product that is made by me process according to ooe or more of the revious claims that contains 

2S encapsulanis that art either pharmaceutical K\ rteutraceuocaUy. nutritionally or biologically active 

29 components 
30 

3 1 27. A product that is made by the process according to one or more of the previous claims chat contains one or 

32 more encapsulanis from the following group: acetammapneru acetohexamide, acetylcUgawi, sceyls&licytic 

33 acid, acromycin. anipamxL benzocaine* beta-carotene, chloramphenicol,, cblordiazepoxide, chlomiadinone 

34 acetate, chlorothiazide, cinrmrizine. clonazepam* codeine, dexarnethasooe, diazepam, dk&umaroL cftgiroxin, 

35 digoxin. dmydroergotamlne, drotaverme, flunitrazepara, furosemtdc. aranjicidin, griseonjlvux hcxobarbttal, 

36 hydrofiuormethiazidcs mdomethacin, ketciprofen, Wmetil, medazepam. mefruside. methandrostenolon e, 
3? metbytprednisotone. meobyfculfariifrttme. nalidixic acid, nifedipine, nitrazepam, nitrofuranxotn, nystatin, 
3S estradiol, papaverine, phenacetin, pheno-barbiojl phenylbutazone, phenytouv prednisone, reserpinev 

39 spironolactone, streptomycin, sul&methazine. spifarnethizote. s^dfarnethoV^yole; sulfmethoxyatazine, 

40 suifaperin. sulfaihJazoIe,. suJfisoxazolc. testosterone, tolazamide, tolbutamide, oimcmcprim. 

41 myrothrtcirLbethamedtasone, miotic acid. sotaloL saibutamol. narfarefrine. atytnarin, dihuroergjaarnine* 

42 burlomedll, etoflbratev indometacin. oxazepam, ben acetyl digoxin, piroxJcam. haJorjeridci,. ISMN, 

43 amioiptylin. diclofenac* nifedipine, verapamiL pyridnol nitreadipitu docycytitne. orot&iMXtne; 

44 medrylprdnisoione, clomdine, feflofihrate, allopurinol, pireayepm*, levomyroxia, tamoxifen, metUdigoxin, 

45 oKbera-hydroxyemylVrutoside,. propicillin, ariefovtr mononitrate, paracetamol, naftdrDfbryl, 

46 pentoxifylline, propafenone acebutoloL L-thytoxiA, tramadol, bromocriptine, loperamide, ketodfen t 
4? fenoreroJ, cadobelcsate* propanohiL erralaprilhydfogen maieate. bezafebratev ISDN. gallopanriL xantfnol 
it nicotmate, dighoxm. fUmrtrazepam. bencycJane, dexapamhenol, pindolol, lorazepam, dilrtazem. pnacetam. 

49 often ox>TOet hylpen icill in. ftirosemide^ bromazepam. fhimuTzin, er>ihr on T ycin T metoclopramidcs acememcfn, 

50 ranitidin, btperiden. metaznizole, daxepia, dipotassnim chlerc«xnpaie. tetrazepam, cstramusrme pbosphat. 

51 terbutaime. captopril, maprotilroe. prazosin, atenolol, gfibenciamides cefaclor, ettifrme, cimettdme, 

52 theophylline, hy dr omor ph onc, ibupmfen, primidone, ciaoazam, oxaceproL medroxyprogesterone, fltcamSd, 

53 pyridox&J 5 phosphat glutaminatc hymechromone. etofyttlne deflorate, vincamme, cinnaruine, diazepam , 

54 kctoproferu flupendxoL molslmine, glHwrnuride. dhnetiadeo, meiperone, soqumolol, olhydroeodeme, 

55 clomethiazole. ctemastme. glisoxepide, kalUdmogenase, osyfedrfaie, bacloftiu <»rbox>Tt>c<hy tey sTe m ev 
$6 thioridazine, betahiscine. L-a^-pwphan. munoL bromelainev prenylamine, sa&uoatftl&pyridinav asnmsizoL 
57 sulpiride, benzerazids. dt%*n2epine> *cet>1saHcy]Cc acid, miconazoL nystatin, ketoconazolc, sodium 
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1 picosalftie. coiryrzmme, . gemflbrociL rifampicin, fhiocortDione. matUemt amoxicillin, terfenedrin. 

2 mucopolysaccharide poiysuJfade, triazolam, mianserin, riaprofemc acid, ameZHiium metftsulfate. 

3 mefloquine. probucol* quinidine* carbamazepme, l-asparoue. penbetoloi, pire&nide* aescfn amhriptyline, 

4 c\"proxerone. Sodium raipromatc mebewine. bisacadyJ* S-ammosaiicyttc acid, d {hydralazine, masmkiratev 

5 phcnprocoumoiL amantadine, naproxen. carteoloJ, famo^dinc methyldope* aureuofine, estrioL nadolol. 

6 Je\*omcpromaziat; doxorucicin* medc^oxsro, az&thioprme, ftumrnide* norfloxacin, feodilin^ prajraathnft 

7 bitartnne. Nmraccuncal components, such as antioxidants, phytochemicals* hormoos. vitarnfni. minerals. 
S microorganisms, prebiotrcs. probiorics, (race elements, essential andVor highfv u n saturat ed fatty acids. 

9 

1 0 23. Products that are produced using the method described in one or more of the previous claims 
II 

12 29. Application of the products mat are being produced using the method described in one or more of the 

1 5 previous claims to humans and animals 
14 

1 $ 30. Application of the products that are being produced using the method described in one or more of the 

1 6 previous claims in the field of agriculture to control the release of active substances, such as herbicides. 
J 7 pesticides, insecticides or other substances thai are advantage us I y embedded or encapsulated to control or 
I S delay the release trora their surroundine matrix. 

19 
20 
21 

22 Description of the ftsutts 

23 

24 Figure I: 

25 

26 The figure shows a simplified schematic representation of me process of the invention. A preblend that 

27 contains at feast one starch and water may be preconditioned at room temperatures or elevated temperatures 

28 and thereafter fed into an extruder. Twin screw extruder are preferred, since they provide superior mixing 

29 action, ft is possible to perform me forming step using a single screw extruder. After the matrix has been 

30 cooked, evaporated, and mixed with the eneapselant, the product is being extruded through dies, and is 

31 being cut either at the die face or away from the die using a separate cutting means After cutting, the 

32 product is being dried and may be optionally coated in conventional ly coating equipment. 

;a 

35 Figure 2: 

36 Figure 2 shows schematically an overview of the extrusion process of this invention. A preblend of starches 

37 with other components may be prepared and stored or conditioned prior to feeding it into an extruder. 

38 The dry blend is normaJly fed gravimetricatHy or volumetricaily into the feeding section of an extruder m 

39 barrel t. Temperatures are normally about room temperature and can vary from about 0 to about &5 degree 

40 Celsius. Higher temperatures cause steam to escape in the feed port. The barrel (1) as cooled with water to 

41 maintain a temperature between about 10 and 50 degree Celsius. Screw dements with large pitch convey the 

42 dry blend into barrel 2. Decreasing pitch increases the degree of fill in the barrel and offset forward pilch 

43 elements cause distributive mixing of the added liquid with the dry blend. Shnuhaneousiy the temperature of 

44 barrel 2 is at a level of about between 60 and 120 degree C to heat the wet blend, that is conveyed using 

45 medium pitch screw elements mto barrel 3. Barrel temperature in barrel 3 fa between about 1 10 and ISO 

46 degree C . preferably between about 120 and 160 degree C. The temperature of the mix increases at a rate 

47 that is mainly affected by the corned time of the material and the barrel and exchange of material by the 
4& screws. The contact rime is a function of rpm and throughput rate, which determine the degree of fill; die 

49 material exchange is affected by the screw configuration. In barrel 3. mixing elements are alternating with 

50 medium pitch conveying elements and ensure sufficient material exchange and high degree of AIL 

51 Staggering all elements in this section with an angle of about 90 degrees to each other allows additional 

52 leakage Mow and prevents high shear. The mess is forming a dough, that has a temperature of about 5 to 30 

53 degrees lower man the barrel temrjeraturev in this case 90 to 155 degree C. The geluwixjuou of starch starts 

54 to occur. Optional steam injection may be applied in the; section u> increase the dtermal energy input and 

55 further decrease the mechanical energy inpnz. Low pitch conveying, alternating with short reverse pitch 

56 staggered eiemems in barrel 4 and 5 at barrel temperatures of about U0 to more than 200, for example 220 
5T degree C result in higher degree of fill, low shear dunriburive mixing and farther heating and cooking of the 
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1 mass, which reduces its viscosity gnd thus Che shear into die mass. Ac the beginning of barrel 6> immediately 

2 before the vent opening . is a nun staggered reverse pitch conveying element located, that increases the 

3 degree of fill and increases pressure of the mass in barret 5 and the beginning of barrel 6. This pressure is 

4 needed to complete the cook of the search . and in case the starch it high m amylase, temperatures of about 

5 120 degrees C can be reached under this pressure, which is between about 5 and 30 bars, for example JO 

6 bars. After the noo staggered reverse prtrch element, a high pitch conveying element follows, that decreases 

7 the degree of Mil by its function of higher corweying capacity. One or more open barrel section* , optionally 

8 connected co a vacuum pump aHow the pressure to decrease substantially, for example from about 10 bar to 

9 abam less man 1 bar. This pressure &up results in water evaporation and subsequent moisture Toss of the 
[ 0 cooked mass. The Amount of moisture lost in the vacuum sections depends upon residence time of product in 

1 1 this section, which depends upon rpm of the screw, and pitch of (he screw elements: and available open area 

1 2 for water evaporation, that can vary between one or two or more vem porta. Moisture loss also depends upon 

1 3 the barrel temperatures to barrel 6 and 7. High Temperatures above for example 150 degree force more steam 

1 4 to escape than low barrel temperatures, for example 80 degree C. Tetnpexarures in this example can be 

15 between about SO and 160. preferably about 100 to (20 degree C. at the end of barrel 7 the product 

16 temperatures are around LOO decree C. The subsequent barrel 8 is being cooled down to reduce mass 

17 temperature runner. Temperatures in this section can be between about 20 and 90 degree C Low pitch 

1 8 convex ing elements increase degree of fill to enhance heat transfer from product to barret. 
19 

20 Low rpm are critical for optimum processing* Ranges are between about 20 and about 200 rpm . Higher rpm 

21 introduce more shear, dewiniee and destructtmxe more starch, reduce capability or water removal . reduce 

22 heai transfer capability, Le. heating and cooling. The tourer limit of rpm is primarily throughput i.e. 

23 economically limited. 
24 

25 Barrel 9 is equipped with an horizontal ty orientated side fe ed er, that introduces solid encapsuiant. Optionally 

26 liquid encapsuiant can be introduced into the blend via injection no2Zle ai the same vicinity of this location. 

27 The side feeder is designed as a win screw feeder, known to anyone skilled in the arr. The temperature of 
29 the barrel is dependent upon the neat sensirivuy of the encapsatant and can for example be adjusted to 

29 temperatures between about 20 and 90 degree c! tn case the encapsuiant Is oxygen sensitive, the hopper of 

30 the side feeder can be optionally flooded with C02 or nitrogen. After the mix has been introduced into the 

2 1 barrel section, screw elements with forward pitch and staggered position mix the added ingredients into the 

32 matrix while minimizing the introduction of shear energy. Simultaneously, the temperature of the barrels arc 

33 being adjusted to maintain low enough as to not mermatty destroy the encapsuiant and to ensure that viscous 

34 properties of dough are sufficiently high to allow extrusion and forming of ropes mat can be on mtopoHets. 

3 5 Temperatures may range between 25 and 95 degree C. preferably around 60 to 80 degree C 
36 

37 After exiting the barrel section 10 of the extruder, the mass enter into the die area, \*here it is being 

:>S distributed into a multitude of evenings. Critical is the rate per die area , which should be less than 5 kg/h per 

39 mm*! . preferabK' less than 3 kg/h per mm A 2 and most preferably less than 2 icg/h per mm A 2. 
40 

41 Figure 3: 

42 
43 

44 Figure 3 is an alternative way to exercise the current urvenden, The cooking process , screw configuration 

45 and temperature profile is similar than described in fig. 2 . The differences are . that the cooking is 

46 accomplished with one less extruder barrel section, the venting u accomplished with one less barrel section 

47 and the mixing of the encapsuiant is accomplished using more mixing screw configuration in the last two 

48 barrels of (he extruder. This configuration can be chosen* when the material that is to be encapsulated is less 

49 heat and shear sensitive and . or needs more distributive mixing and /or the starch can be reduced in moisture 

50 using only one vent port. 
51 

52 Figure 4: 

53 Fig. 4 shows an execution of me invention . whereby the starch is presjeiattntzed and can be mixed with the 
34 encapsuknc using a shortened twin screw extruder. Lb this case, the moisture and the temperature need to be 

55 sufficient as to provide sufficiently low viscosity as to not to desuueuuize or dextrin izc the prc$eiafiniaed 

56 starch. For example, the added moisture eontem might be between about 20 and 45% , preferably between 

57 about 25 and 35 % . for example about 30 %. The temperature of barrel one is kept at about room 
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rempemutre. but barrel 2 needs to be about between 50 and 300 
specrfte mechanical energy input. The produce might be cookd i 
it was described for figure 2. 



degree C id maintain low viscosity and low 
the end of the extruder the same way than 
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Optional Preblending 




I 




Muhi-Proce3s Extruding 
(mixing,, hydrating, heating, cooking 
at high moisture, venting, cooling, 
adding Encapsulate mixing encapsulant 
cooling, extrusion forming 



1 



Cutting 



i 



Drying 



_JL_ 

Coating 
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